Objectives. Postoperative cheek cyst (POCC) is a late postoperative complication of radical maxillary sinus surgery including the Caldwell-Luc (C-L) operation. The present study aimed to evaluate the therapeutic outcomes of surgical treatment for POCC and to assess the clinical factors correlated to these outcomes.
INTRODUCTION
Postoperative maxillary cyst, sometimes known as postoperative cheek cyst (POCC) in Korea, is a late complication of radical maxillary sinus procedures that are usually performed via Caldwell-Luc (C-L) surgery [1] . Approximately 20% of POCCs occur after radical maxillary surgery, and they develop 10-30 years after surgery [1, 2] . Although POCC is rarely reported in Western countries, it is quite common in Asian countries, including Japan [3] , and is the most common cause of maxillary mucocele in Korea [1, 4] .
In the C-L operation, the mucosa lining of the maxillary sinus is eradicated in the context of treating maxillary sinusitis [5] . However, although not fully understood, the remaining microscopic mucosal tissues or mucosal growth from the nasal cavity into the maxillary sinus may be responsible for the development of POCC [6] . The most common symptoms are cheek pain, swelling, and nasal obstruction. However, symptoms can vary depending on the extent of the disease (from the absence of symptoms to the presence of orbital or dental symptoms) [7, 8] .
Two approaches are used for treating POCCs.
One is an open approach with a revised C-L operation, which requires the complete excision of the mucocele lining through the inferior nasoantral window [9] . The other is an intranasal approach involving complete marsupialization using the recent advanced trans-nasal endoscopic approach along with middle meatal antrostomy (MMA) or inferior meatal antrostomy (IMA). However, if the location of the POCC is far anterior or lateral or if the bony wall of the inferior meatus is too thick, the marsupialization of the lesion can be performed via conventional surgery using the canine fossa approach (also known as the C-L approach) along with IMA at the end of the procedure to secure an internal (endonasal) drainage [6, 7, [10] [11] [12] [13] .
Recently developed instruments, including the surgical drill and navigation system, have expanded the indications for endoscopic endonasal surgery that make it possible to manage certain sinonasal mucoceles that are anatomically difficult to access using the endoscopic endonasal approach alone. However, even after performing surgical drainage via endoscopic marsupialization, POCC may recur in 2%-38% of patients [13] . In addition, patients may still complain about residual symptoms, such as cheek pain and repeated cheek swelling even after surgical treatment and medication. This may be correlated to the development of early postoperative complications, such as buccal hematoma. However, recently, we have experienced patients with a patent drainage still complaining of cheek pain 3 months after surgery. Therefore, further investigation must be conducted to understand the predictive factors associated with the therapeutic outcomes of POCC and indications for surgery.
In this study, we evaluated the therapeutic outcomes of endonasal marsupialization by analyzing disease recurrence depending on the anatomical location of POCCs. Moreover, the change in clinical symptoms after endoscopic marsupialization was investigated to identify the therapeutic outcomes of a successful POCC surgical drainage.
MATERIALS AND METHODS

Participants
Patients with POCC who had been surgically treated from January 2011 to January 2016 at a single center were recruited, and their medical records were retrospectively reviewed. POCC was confirmed based on the patient's history of previous C-L surgery, symptoms of facial swelling or pain, presence of a lesion on computed tomography (CT) scan, and pathological examination results after surgical treatment. Those without imaging or other proven pathological examination results were excluded. Patients who had been previously treated surgically before the study period or those who had been treated at other institutions during the study period were also excluded.
Age at the time of operation, surgical approach, follow-up period, and treatment outcomes were analyzed using clinical data. Treatment outcomes were evaluated based on the decrease in the degree of symptoms and patency of the POCC ostium on endoscopy. According to preoperative CT images, the size, number, and location of the cyst were evaluated, and the maximal diameter was measured from the axial image. Postoperative CT scans were performed to assess the recurrence of POCC in selected cases, such as in patients with obliterated newly formed ostium or those with a patent ostium but still presented with symptoms. This study was approved by the Institutional Review Board of Seoul National University Hospital (IRB No. SNUH 1806-022-949). Informed consents from patients were not required as no images are identifiable.
POCC classification
For the localization of the cyst, we modified the classification system originally developed by Nakamura et al. [14] . In the Postoperative cheek cyst is a late complication of radical maxillary sinus procedures, including the Caldwell-Luc surgery.
The location (anterior and lateral) of the cyst was correlated to recurrence after drainage. original system, a line between the anterior end of the inferior turbinate and the base of the lateral pterygoid process on the axial CT plane at the mid-level of the inferior meatus can be drawn. A medial cyst extends toward the midline across this imaginary line, and a lateral cyst is subdivided anterolaterally or posterolaterally based on the position of the center of the cyst ( Fig. 1 ). As many cases that were defined as anterolateral according to the original system could be approached via the endoscopic endonasal approach only, we modified the system such that an anterior cyst was defined as a cyst with a posterior end located anterior to the midline (Fig. 2) . The cyst was considered as multiple cysts if there is a bony or membranous septation separating the cysts (Fig. 3 ).
Surgical approach and outcome analysis
All patients underwent endonasal marsupialization of the POCC cavity using a 4-mm rigid endoscope. When the lesion could not be accessed, the C-L approach along with endoscopic endonasal marsupialization was used. In both approaches, marsupialization of the cystic lesion was performed via IMA and/or IMA along with MMA if possible to induce physiological ventilation through the natural ostium of the maxillary sinus. A navigation system (Fusion; Medtronic, Minneapolis, MN, USA) had been used in selected cases presenting with either multiple cysts or cysts that are located anterolaterally. An endonasal drill with a 3.2-mm diamond burr had been used in cases with thick bony cystic wall and those that cannot be removed using routinely used endoscopic sinus surgery instruments. The primary outcome was recurrence. POCC recurrence was defined as an occlusion in the ostium of the marsupialization on endoscopic examination or the presence of a cystic lesion on CT scan performed during the follow-up period. The secondary outcome was the presence of residual symptoms. Symptoms were evaluated at least 3 months after surgery in the presence of adequate openings into the nasal cavity.
Statistical analysis
Results are presented as mean±standard deviation or median with interquartile range (IQR). Statistical analysis was performed using the IBM SPSS ver. 22.0 (IBM Corp., Armonk, NY, USA). Cross-table analysis with Fisher exact test was used for categorical variables, whereas Mann-Whitney U-test was used for continuous nonparametric variables. Logistic regression analysis (forward: conditional method) was performed for the risk evaluation of the combination of factors. Multivariate Cox proportional hazard models, with the duration of recurrence as the underlying time metric, were used to estimate the risk of POCC recurrence associated with the factors. The relapse-free survival curves of cyst recurrence were obtained using the Kaplan-Meier method. The P-value <0.05 was considered statistically significant.
RESULTS
Patient demographics and subjective symptoms
In total, 57 patients (male:female, 30:27; 67 nostrils) with POCC who underwent surgery were included in this study. The mean age of the patients was 55±11 years, and the mean duration of the development of POCC was 28.2±9.1 years. The median duration of the follow-up after surgery was 19.4 months (IQR, 24.0 months; range, 1.1 to 87.9 months) ( Table 1 ). In total, 85.1% of the patients complained of cheek pain, and 50.7% of the patients presented with cheek swelling. Moreover, 9.0%, 6.0%, 4.5%, and 1.5% of the patients had dental pain or dental discharge, orbital pain, nasal obstruction, and headache, respec- Line is drawn between the anterior end of the inferior turbinate and base of the lateral pterygoid process (red line). We modified the system such that an anterior cyst was defined as the posterior end of the cyst wall is located anterior to the midline (red dotted line). In cases where the posterior wall of the cyst is posterior to the midline, the cyst is classified as non-anterolateral. tively (Fig. 4) .
Characteristics of the cyst and surgical options
The mean diameter of the cyst was 34.7±7.9 mm. POCCs that are located anterolaterally were observed in 12 cases (17.9%), and the remaining 55 cysts (82.1%) were in a non-anterolateral position (medial or posterolateral). Thirty-two cases of POCC were unilocular (47.8%), and the other 35 cases (52.2%) were multilobular. An endoscopic endonasal approach was used in 62 cases (92.5%), and the C-L approach along with an endoscopic endonasal approach was performed in five cases (7.5%). Fourteen patients (20.9%) had concurrent chronic rhinosinusitis (two cases with nasal polyps); thus, they underwent functional endoscopic sinus surgery at the same time. In 39 cases (58.2%), IMAs without MMA were performed for endoscopic marsupialization primarily due to a contracted middle meatus, and in the other 28 cases (41.8%), endoscopic marsupialization was performed via IMA along with MMA.
Therapeutic outcomes of POCC and its recurrence
Recurrence of cystic lesions occurred in six patients (9.0%). Of these patients, three had persistent symptoms, such as facial swelling or cheek pain, after the marsupialization of POCC. Two patients underwent endoscopic marsupialization along with the C-L approach, and two other patients were lost to follow up. The remaining two patients did not complain of any symptoms associated with recurrent cystic lesions, and further surgical treatment was not recommended. The mean duration until the recurrence of cystic lesion treated with endoscopic marsupialization was 26.5±22.9 months. Among the recurrent cases, the cyst was located anterolaterally (5/6 vs. 7/61, P<0.001), and multiple cysts (6/6 vs. 29/61, P =0.016) were more frequently observed in recurrent cases than in those without recurrence. Sex, age, size of the cyst, surgical approach, and presence of chronic sinusitis were not significantly different between recurrent cases and those without recurrence (Table 2) . However, multivariate Cox proportional hazards analysis for cyst recur- Values are presented as mean±standard deviation or median (interquartile range). C-L, Caldwell-Luc. . Kaplan-Meier probability curves for the risk of cyst recurrence. According to the location of the cyst, the recurrence rates were significantly different (log-rank test, P-value <0.001).
Recurrence free probability rence showed that only the anterolateral location of the cyst was significantly different (hazard ratio, 21.533; 95% confidence interval [CI], 2.051 to 185.421; P =0.005). The KaplanMeier curves for the cyst recurrence were evident according to cyst location (anterolateral vs. non-anterolateral: log-rank test, P-value <0.001) (Fig. 5) .
In six of 67 cases (9.0%), symptoms, particularly pain in the cheek area, persisted even after performing adequate drainage of the cyst. However, only five of 57 cases (8.8%) were evaluated because 10 patients had been lost to follow up less than 3 months after the surgical drainage. None of them had any signs of infection, such as hyperemia or focal heat over the cheek area. These patients had remaining symptoms, although they had a patent ostium without evidence of the disease on followup CT scan; thus, the symptoms were assumed to be caused by other conditions. For patients with unresolved symptoms without evidence of recurrence, univariate comparison showed that the size of the cyst tended to be significantly smaller compared to those with resolved symptoms after surgery (27.6±3.3 mm vs. 35.7±7.5 mm, respectively, P =0.015) (Table 3) . However, multivariable analysis revealed that a larger cyst had a protective effect (adjusted OR, 0.769; 95% CI, 0.598 to 0.988; P=0.040), and the combined C-L approach (adjusted OR, 32.832; 95% CI, 1.739 to 619.811; P=0.020) increased the risk of the remaining symptoms after adequate drainage (Table 4) . Other factors, including age, sex, location, and the number of cysts, were not significantly different.
DISCUSSION
In this study, we reviewed the therapeutic outcomes of surgical treatment for POCC, focusing on disease recurrence and the remaining symptoms after treatment to understand the appropriate indications for intranasal endoscopic drainage of POCC. The successful treatment outcomes of POCC should include adequate drainage and symptomatic relief. This study has shown that adequate drainage is correlated to the anatomical location of the cyst. That is, patients with cysts that are located anterolaterally have a higher recurrence rate. Moreover, even after adequate drainage of the cyst, the use of the C-L approach or the presence of a small cyst is more likely not to relieve the symptoms.
Previously, surgical approaches that have been used for POCC were primarily open approaches, such as the C-L surgery. Endoscopic marsupialization has become the treatment of choice for POCC due to the development of new instruments and imageguided systems [13] . However, an effective marsupialization of cysts located far from the lateral nasal wall is difficult when an endonasal endoscopic approach is used. In such cases, C-L surgery has also been recommended. In addition, this approach has been recommended for POCCs with excessively thick medial bony wall [13] .
The present study revealed that 92.5% of POCCs could be managed with endonasal endoscopic marsupialization, including IMA or MMA, and nine of 12 cases (75%) with anterolateral cysts could be managed with an endoscopic endonasal approach only. The ratio of endonasal endoscopic marsupialization for anterolateral cysts has been enhanced in recent studies compared to those published approximately 20 years ago when endoscopic sinus surgery had just gained popularity in Korea (Table 5 ) [8] . We undertook the external approach for the treatment of POCC in a more limited manner. Furthermore, among the 35 cases with multiple cysts, 91.4% (32/35) could be managed by endonasal endoscopic marsupialization alone. We identified that both image-guided navigation system and bony drilling of the lateral nasal wall would be necessary for the endonasal marsupialization of anterolateral POCCs. In our series, the navigation system was used in 11 cases, all of whom had multiple cysts or had cysts that were located anterolaterally. The exact location of the point for trial of marsupialization can be identified via CT scan, and the cyst can be safely drained after bony wall drilling with a navigation system during operation. Surgeons can ensure that the lesions are drained properly using a navigation system, even in cases of multiple cysts, which can be difficult to evaluate when visualized only with a rigid endoscope. Recurrence was observed in six cases, of which five had a closed or narrow IMA window. The other patient had a narrow but opened ostium and presented with a newly formed cystic lesion in the previous surgical site. Thus, recurrences are caused by closed antrostomy before the entire cavity had been mucosalized and externalized or newly formed cystic lesions (aberrant mucosalization).
Previously, it has been reported that IMA should be 1×2 cm in size to maintain patency [15] . However, such large antrostomy could not be achieved using an endonasal approach, particularly in anterolateral POCCs. In such cases, the C-L approach might be helpful. However, we suggest that the C-L approach should not be routinely performed for anterolateral POCCs. In this study, among the five patients with POCCs who were treated with endonasal marsupialization along with the C-L approach, one patient still presented with recurrence on CT scan, with a newly formed cystic lesion with septation into a cyst even though the IMA was patent. Thus, even when open approaches are used, septation may occur after wide antrostomy. As in our study, the combined C-L approach was considered a risk factor for residual symptoms after adequate drainage. This is probably due to the injury in the infraorbital or superior alveolar nerve causing facial pain or paresthesia, which is commonly associated with the C-L approach [16] . Usually, these nerve injuries recover as the nerves either regrow or the area is reinnervated by the nearby nerves [17] . However, repeated surgical trauma, as in our cases, may lead to prolonged injury.
In our study, patients with small cysts are more likely to experience incomplete symptom relief after adequate marsupialization. A relatively small cyst may not cause compressive symptoms, such as pain, and there may be other causes of pain in such cases. In our series, one patient was diagnosed with cervical plexus neuralgia with symptomatic improvement after blocking the cervical plexus with local anesthesia. Thus, surgeons and patients should be aware that these symptoms may persist even after an adequate marsupialization in such cases.
Despite the lack of statistical significance, a trend toward increased recurrence in the presence of multiple cysts indicates that the septated cysts must be removed. The complete removal of the septations may prevent aberrant healing, which may cause newly formed septations after the operation. Therefore, POCC drainage should be as wide as possible, and the complete removal of fibro-osseous septations must also be carried out.
Based on these observations, we suggest that the endonasal endoscopic approach should be the initial treatment of choice for all cysts regardless of the location, and if a wide antrostomy cannot be created or the removal of septations is not possible, only the combined C-L approach should be considered. In addition, a residual symptom may be observed after using the C-L approach. For a small cyst causing minimal symptoms without any signs of infection, the wait-and-see period is recommended, and during this time, other causes of the symptoms should be evaluated. In such cases, surgery may be indicated when all other causes of the symptoms have been excluded. The present study has limitations. First, we investigated the recurrence of POCC or residual symptoms after marsupialization based on the location of the POCC. However, the diameter of the antrostomy site was not measured due to the limitations in approaching this area. In addition, the medication history of the patients and the presence of other sinonasal diseases, such as allergic rhinitis, which may have affected the antrostomy closure, was not evaluated [18, 19] .
The incidence of POCC would decrease since C-L surgery is rarely performed nowadays. However, the C-L approach is still considered as an option for surgically refractory maxillary sinusitis. Our findings also emphasized the basic principles of mucocele surgery of other paranasal sinuses, which is commonly performed.
In summary, the location, size and number of septated cysts as well as an open surgical approach might be important factors in predicting the therapeutic outcomes of endoscopic marsupialization. The C-L approach should be used only when a larger IMA or the complete removal of bony septation is needed in patients with anterolateral POCCs. For those with relatively small cysts, symptoms may not resolve even after adequate marsupialization of anterolateral POCCs.
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